Purpose: The aim was to study discontinuation of statin treatment, especially with respect to clinical characteristics and adverse effect measured by clinical laboratory tests indicating muscle damage (plasma creatine kinase, CK) and liver AEs (plasma alanine aminotransferase, ALAT). Methods: The initial study population included 60,488 individuals who had purchased first time statin prescription in Helsinki-Uusimaa region between 01-01-2007 and 31-12-2009. The follow-up started when first statin prescription was purchased and ended 31-12-2009 or death, which ever occurred first. From this population 54,172 individuals were defined to eligible to study population of this study. Clinical laboratory measurements were obtained from Helsinki-Uusimaa University Hospital (HUSLAB) that which provides the laboratory tests for the Helsinki-Uusimaa region serving about a population of 1.5 million. Results: In this fairly large real-life study the occurrence of ALAT-AE and mild CK-elevations after initiation of first statin treatments were relatively low. Increasing age and the presence of co-morbidities increased the risk of these AEs. Further, the ALAT-AEs implied increased risk of discontinuation of treatment. Diabetic patients discontinued treatment more often than nondiabetics, whereas the presence of other chronic conditions implied higher persistence of statin treatment. Conclusions: It is essential that those who would benefit from statin therapy actually are treated and by far in most patients treatment seems to be safe and well tolerated. For those who cannot tolerate statins new therapeutic options are needed.
Introduction
The 3-hydroxy-3-methylglutaryl-coenzyme A (HMGCoA) reductase inhibitor class of drugs (statins) reduce plasma cholesterol by more than 20% [1] . Statins also increase survival and reduce the incidence of adverse cardiovascular events in both secondary and primary coronary heart disease (CHD) prevention trials. These drugs as a class effect have favorable safety profile [2] and benefits are seen in many groups [3, 4] . However, despite this favorable safety profile statins are not devoid of adverse effects (AEs). The most common AEs are those related to muscle and liver enzymes. In controlled clinical trials these have been quite rare occurrences [2] , but recent cohort reports [5] and clinical experience suggest that these muscle and liver AEs associated with statin use are quite common with estimates ranging from 10% -20% [6] . The statin discontinuation rates are surprisingly high, about 30% within the first year of initiation of therapy [7] [8] [9] [10] . One somewhat hitherto neglected and underestimated aspect is that the discontinuation of statins might increase the risk of adverse outcomes in acute coronary syndromes or stroke [11] [12] [13] . It has been even suggested that the withdrawal of statins may be worse than never taking statins in relation to outcomes [14] .
The aim of this study is to study discontinuation of statin treatment, especially with respect to clinical characteristics and adverse effect measured by clinical laboratory tests indicating muscle damage (plasma creatinekinase, CK) and liver AEs (plasma alanine aminotransferase, ALAT, also called glutamic pyruvic transami-
Methods

Study Population and Data Sources
The initial study population included 60,488 individuals new users of statins who had purchased first time statin prescription in Helsinki-Uusimaa region between 01-01-2007 and 31- . These data were obtained from Finnish Social Insurance Institution (SII). New user was defined to be without statin prescription in previous year. Data of purchased statin prescriptions for study periods included the following information: subject ID, date of purchase, amount purchased (in defined daily dose, DDD) [15] , and ATC (Anatomical Therapeutic Chemical) for drug. Information of dates and causes of death was obtained from Statistics Finland [16] . The follow-up started when first statin prescription was purchased and ended 31-12-2009 or death, which ever occurred first. From this population 54,172 individuals were defined to eligible to this study, because their follow-up time was longer than 99 d.
Clinical laboratory measurements were obtained from Helsinki-Uusimaa University Hospital (HUSLAB) that provides the laboratory tests for the Helsinki-Uusimaa region serving about a population of 1.5 million Individual level data were linked using unique social security number (SSN), and after linking the original SSN was replaced by a study person identification number (ID). Thus, the study group utilized only anonymous data with Study ID. Study protocol was reviewed by ethical committee of Hjelt Institute of Medical Faculty, University of Helsinki.
Statin Discontinuation
Continuous statin usage sequences were constructed by assuming usage of one DDD per day, and allowing maximum 90 days gap between prescriptions. Thus, e.g. prescription with 30 DDD was assumed to last for 120 days. If there was no new prescription before that, discontinuation of treatment was assumed. Because start of follow-up was defined as the day of the first statin prescription there was certain interval with no discontinuation that was defined by gap (90 d) and smallest prescription (9 DDD). Thus only this "immortal" period (99 d) in respect with discontinuation was not taken into account in analysis, and all censoring during this period were omitted from analysis. Discontinuation was used as outcome variable.
Definition of an Adverse Event and Other Explanatory Variables
One of the aims of the study is to investigate the association between observed adverse events (AE) and discontinuation of statin treatment. The occurrence of an AE was determined using clinical laboratory measurements from HUSLAB Laboratories. AE is defined to take place after start of follow-up (purchase of the first statin prescription) and before discontinuation of statin treatment or censoring event (31-12-2009 or death). Two adverse events used in this study were defined as follows:  For ALAT a value twice the baseline level (measured within one year before start of follow-up) or, if a baseline level was not available, twice the upper limit of the reference range (70 U/l for males and 45 U/l for females) [17] .  CK: For CK a value twice the upper limit of the ref-
erence range (400 U/l for males under 50 years and 210 U/l for females). Age, sex, and type of first statin purchased were used as background variables. In addition, chronic disease indicators provided by SII special reimbursement register [18] were used. The following diseases were considered: diabetes mellitus, chronic heart failure, chronic hypertension, chronic CHD, familial hypercholesterolemia, and dyslipidemia associated with chronic CHD.
Statistical Methods
The association between AE and discontinuation of statin treatment was modeled using Cox's proportional hazards model and using AE indicator as time-dependent variable that takes value zero in the start of follow-up. Only the first AE occurring for each individual was taken into account. Background variables such as age, sex, first statin, and chronic disease indicators were included inthe models. We applied also marginal structural models (MSM) approach in order to get grasp on selection bias in respect to AE [19] . Inverse probability treatment weights were calculated in respect with AE and used in Cox's proportional hazards model. Weights were constructed using above mentioned background variables. The association between three levels AE (no, ALAT, CK) and background variables was modeled with multinomial regression. All analyses were carried out using R dataanalysis language [20] .
Results
The mean age of the study population was 57.2 (1 st quartile 49.7, 3 rd 65.2) years for men and 62.1 (54.8, 69.8) years for women, respectively. Men were significantly younger (t-test, p < 0.0001). The basic characteristics of the study population in relation to the occurrence of AE are shown in Table 1 . The frequencies of ALAT elevation were below 5% on average and CK-elevations less than 1% ( Table 1) . The differences between different statins seem to be rather small. The impact of age, sex and chronic diseases in relation to the occurrence of AEs by multinomial regression are shown in Table 1 . Increasing age implied higher risk of AEs so that for one year increase in age the risk of ALAT-AE increased by 1% and that of CK-AE 5% (Table 2). In women the ALAT-AE was more common than in men, but CK-AE was more frequent in men. The presence of diabetes increased the risk of ALAT-AE, but the risk of CK-AE was not statistically significant. Likewise, the presence of other chronic conditions increased the risk of AEs and this was statistically significant for those with chronic cardiac failure (ALAT-AE), arterial hypertension (CK-AE), chronic CHD (both AEs) and dyslipidemia associated with CHD (CK-AE).
The mean follow-up time was 1.4 years, and 28% of statin users discontinued treatment with an average rate of 21% per year ( Table 3) . ALAT-AE was associated with an increased risk of discontinuation (hazard ratio, HR 1.16, 95% CI 1.06 -1.27), but for p CK there was no association ( Table 3) . Discontinuation was slightly higher for females (1.11, 1.07 -1.15). The diabetes diagnosis was associated with higher discontinuation rate compared to those without diabetes, but other chronic diseases were associated with lower frequency of discontinuation. E.g. individuals with chronic CHD had 28% lower (HR 0.72, 0.66 -0.79) discontinuation rate than individuals without this condition.
In general results from univariate, multivariate, and marginal structural models were quite similar. Largest difference for dyslipidemia associated with CHDs, where univariate model showed strong inverse association (HR 0.56, 0.45 -0.70) to discontinuation but MSM had no significant effect.
Discussion
In this fairly large real-life study the occurrence of ALAT-AE and mild CK-elevations after initiation of first statin treatments were relatively low. Increasing age and the presence of co-morbidities increased the risk of these AEs. Further, the ALAT-AEs implied increased risk of discontinuation of treatment. Diabetic patients discontinued treatment more often than non-diabetics, whereas the presence of other chronic conditions implied higher persistence of statin treatment.
Some general limitations must be kept in mind when evaluating the results from any observational study that is based on record linkage. First, the actual usage of prescribed statin could not be verified with certainty, although it is quite likely that most purchased drugs were consumed. Second, it is very probable that not all adverse events during follow-up were recorded, because our information of them was based on sporadic laboratory measurements and some patients may have had their laboratory tests carried out outside the HUSLAB, e.g. in some private laboratories or in some patients the laboratory follow-up after statin initiation may not have been very systematic. We assume that those who experience side-effects within the first year of treatment are usually monitored by liver and muscle enzyme tests. Certainly it is possible that the probability of having these measurements could depend on many background factors, and thus may be tell more about probability to be tested than real probability to have AE. In any scenario, these AE frequencies most likely underestimate somewhat their true occurrence. On the other hand, if the discontinuation had been due to lack of conviction to prescribed therapy or lack of the clinical response, the biochemical safety tests are less likely to be performed. Nevertheless, the increased ALAT-AE occurred in about five percent of those whom statin therapy. The increase of ALAT is commonly asymptomatic and transient phenomenon occurring in the first 12 weeks of therapy [17] . This biochemical finding is asymptomatic and not correlated with histopathological changes and therefore does not represent the true liver injury [17] . There are no uniformly accepted definitions of clinical relevance of liver test abnormalities. The frequency of ALAT elevations across multiple studies performed with different types of statins generally does not exceed three percent and in controlled clinical trials the incidence of ALAT-AEs with statins has not been very different from their incidence with placebo [17] (erase text!). However, the ALAT-AE seems to be linked with the dose of statin and not the LDL-reduction achieved [17] . Thus the discontinuation of statins due to ALAT elevation most likely reflects physician's fears of hepatotoxicity. Based on aforementioned it may be that many of these discontinuations could have been avoided with careful followup. There was a female predominance in the occurrence of ALAT-AE in this study. Possibly in women liver enzyme abnormalities generate relatively more anxiety than in men-to the patient and the physician. It is thus conceivable that female patients were also more likely to have ALAT measured.
The most commonly reported AEs of statins are muscle symptoms ranging from muscle pain, fatigue and weakness up to rhabdomyolysis [21] . In randomized clinical trials there has been no excess of muscle problems, but placebo-controlled trials have shown 2.5-fold increased risk of myositis defined by 10-fold elevation of CK [22] . The occurrence of myalgia is common complaint in statin-users [21] and can occur without CKelevations [23] . In our study even mild elevations of CK were not very frequent and this is in line with the current concept that the occurrence of myositis with significant CK elevations is not a common problem. These CK-AEs did not contribute to the cessation of therapy and thus the clinical significance of this CK-AE is somewhat obscure. However, increasing age and the presence of co-morbidities increased the likelihood of both ALAT-and CK-AEs and thus with increasing age and co-morbidities more alertness for the clinically significant risks are required in patients treated with statins.
The persistence of the described statin therapy during the first 1.4-year was evidently higher in secondary than in primary prevention and ALAT-AEs contributed to the lowered persistence. Type 2 diabetic patients without clinical CVD have a very high risk of cardiovascular events [24] and statin therapy has been shown to reduce this risk [4] . Statin therapy is generally recommended for this group in several national and international treatment guidelines [25] . The poor persistence in diabetic patients may be due to the "glucocentric" approach to this disease by the patients and clinicians alike and thus less emphasis on the treatment of dyslipidemia. To conclude, in first-time statin users the frequency of liver and muscle enzyme elevations are rather low, but liver enzyme abnormalities reduce the adherence to therapy. The persistence with statin therapy is higher in those with evidence of vascular disease and rather low in diabetic patients. For the prevention of cardiovascular events it is essential that those who would benefit from statin therapy actually are treated and by far in most patients treatment seems to be safe and well tolerated. For those who cannot tolerate statins new therapeutic options are needed.
